The use of lithosphere strength indicators (as for example the effective elastic thickness of the lithosphere or the depth to the brittle-ductile transition) can give clues on the surface heat flow and the thermal state of the ice crust of icy satellites, which in turn has profound implications for our understanding of the internal evolution, and the possible existence of internal oceans, in these planetary bodies. As shown in this review, this kind of approximations has found very high (and possibly recent) surface heat flows for Europa, and ancient high heat flows for Ganymede. On the other hand, the heavily cratered of Callisto suggests a cold and inactive outer ice shell throughout the entire history of this body.
thickness of a real layer, but a measure of the total strength of the lithosphere integrating contributions from brittle and ductile layers and from elastic cores of the lithosphere (for a review see Watts and Burov 2003) . Effective elastic thickness estimates can be converted to heat flow estimates following the equivalent strength envelope procedure described by McNutt (1984) . This methodology is based on the condition that the bending moment of the mechanical lithosphere must be equal to the bending moment of the equivalent elastic layer of thickness T e . The link between the strength envelope procedure and heat flow comes from the dependence of the ductile strength on temperature.
For a detailed description of this kind of methodologies applied to icy satellites see Ruiz (2005) .
The case of Europa
There are available some estimates of the BDT depth for Europa, which were mainly derived following two different procedures: (1) the width of grabens around Callanish and Tyre, the two largest impact structures at Europa, can be used to obtain a lower limit for the BDT depth through simple geometrical considerations (e.g., Ruiz, 2005; Lichtenberg et al., 2006) ; (2) the wavelength of folds observed in Astypalaea Linea can be related to the BDT depth through mechanical modeling of fold growth (Prockter and Pappalardo, 2000; Dombard and McKinnon, 2006) . The so-derived BDT depth values are about 2-2.5 km or lower. The conversion of BDT depth to heat flow requires the use of the appropriate strain rate, which is not well known. However, a strain rate of 10 -15 s -1 , typical of many terrestrial geological processes, is in the lower end of the proposed values deduced for Europa (see Ruiz, 2005) , and provide therefore a reasonable lower limit for the surface heat flow, which is ≈ 65-110 mW m -2 (see Ruiz, 2005) for BDT ≈ 2-2.5 km. (Ruiz, 2005) . This implies a heat flow higher than ~130 mW m -2 for these features (for a strain rate of 10 -15 s -1 ; Ruiz, 2005) .
Heat flows based on T e deduced from loading by domes and ridges are higher than those calculated from the BDT depth, and might represent local (not average) conditions.
Indeed, ridges and domes could be places of amplified heating, by shear heating at fractures (Nimmo and Gaidos, 2002) or by tidal heating at raising warm diapirs (Sotin et al., 2002) .
Thus, there seems to be substantial variations in surface heat flow in Europa. Given the young surface of Europa the so-derived heat flows could be representative for the present-time.
Moreover, heat flows based on BDT depth and T e are much higher (Figure 3 ) than the ~6-8 mW m -2 that can justified by present-day radiogenic heating (e.g., Cassen et al., 1982; Spohn and Schubert, 2002) , which implies an important role for tidal heating in the dynamics of this satellite, as previously proposed (e.g., Ojakangas and Stevenson, 1989) .
The size and characteristics of impact structures also informs on the thermal state of the crust. From the relation between crater size and topography, Schenk (2002) proposed that the ice shell of Europa was at least ~19-25 km thick when the impact structures were formed.
If the whole ice crust is thermally conductive and has not internal heat sources (i.e., the crust is heated from below), an ice thickness higher than ~19-25 km implies a heat flow (the temperature at the base of the ice crust is given by the ice melting point, which is temperatureand pressure-dependent) of at most ~20-30 mW m -2 (Ruiz, 2005) . However, a certain contribution to the total heat flow of Europa could come from tidal heating within the ice crust (e.g., Ojakangas and Stevenson, 1989) . So, these heat flow values must be considered as upper limits to the heat flow reaching the crust base from below ( Figure 3) . Moreover, the temperature at the crust base could be lowered by substances depressing the melting point of the ice (e.g., Kargel et al., 2000) , in whose case the temperature contrast, and hence the heat flow, across an ice crust of given thickness would be lower.
But the actual situation is more complicated. The presence of numerous regions of features knows as lenticulae, which are usually several km wide and spaced ~15-30 km apart, has been interpreted as the manifestation of diapirism related to a convective subsurface layer (Pappalardo et al., 1998) . If the lower ice crust is effectively convective, the relation between heat flow and crust thickness is more complicated than in the purely conductive case, and the heat flow reaching the crust base (from the ocean below) cannot then be determined from lithospheric strength indicators, which only inform about the heat flow through the lithosphere. However, the requirements for the initiation of convection in the ice crust give some information on the heat flow at the crust base, if convection really is operating: the analysis of stability against convection of a floating icy shell on Europa implies that the conductive heat flow must decrease under 45 mW m -2 (or lower depending on the exact parameters used) for the onset of convection (Ruiz and Tejero, 2003) .
Thus, surface heat flows calculated from the BDT depth or T e are clearly higher than the heat flow reaching the base of the ice crust. The difference, which could be higher than a factor two, must be produced by tidal heating within the own ice crust (Ruiz, 2005) . This demonstrates that tidal heating of the ice crust is an important, and most probably dominant, contributor to the total heat budget of Europa. Importantly, this result is independent of whichever theoretical model of tidal heating in Europa.
The cases of Ganymede and Callisto
Ganymede and Callisto, although similar in size, have very different surfaces and geological histories. Ganymede experienced early phases of intense geological activity (Pappalardo et al., 2004) , whereas Callisto does not show definitive evidences of any kind of internal activity (Moore et al., 2004) . It is clear that this difference must be related to the respective thermal histories of both bodies (e.g., Showman et al., 1997) .
Some estimates of surface heat flow have been proposed for Ganymede (although they are less abundant than for Europa) based on BDT depth and T e . The estimates of BDT depth are based on modeling of lithospheric extension in the grooved terrains (a terrain formed by swath of roughly parallel ridges and troughs with a striated appearance), which found a BDT ~5 km deep in the time when these terrains were formed, and hence heat flows around 50-100 mW m -2 were derived (e.g., Dombard and McKinnon, 2001; Bland et al., 2010) . On the other hand, the estimates of effective elastic thickness of the lithosphere were performed by fitting the topography constructed from stereo images to flexural profiles for both ancient terrains 
